Abstract: Overweight and obesity threaten the health, functionality and quality of life of 77.2% men in West Virginia. The purpose of this study was to evaluate the feasibility and effectiveness of a 12-week primary care referred telenutrition weight loss intervention. Fifty-nine 40-70-year-old men with obesity were randomized to either the intervention group (n = 29) or an enhanced usual care (EUC) (n = 30) group. Participants from both groups were prescribed a moderate energy restricted diet (500-750 kcal/day below energy requirements) and provided diet-related educational materials; but, only those in the intervention group received weekly support from a registered dietitian nutritionist via telephone and videoconferencing. Both groups significantly reduced body weight, waist circumference, percent body fat and caloric intake and improved diet quality from baseline (p < 0.0001). Groups did not differ after controlling for time (all p > 0.30) and none of the group by time interactions were statistically significant. At week 12, a greater proportion of participants from the intervention group than the EUC group lost at least 5% of their baseline weight, (70.4% vs. 41.4%, p = 0.035). Retention rates and participant-reported adherence and satisfaction rates were ≥80% in the telenutrition group, thereby meeting the a priori criterion for feasibility of a larger trial. Primary care referred telenutrition interventions have the potential to improve access to dietary counseling for obesity treatment in health disparate populations. A larger longer-term trial is warranted.
Introduction
Overweight and obesity threaten the health, functionality and quality of life of 70.7% of men and 58.8% of women in the United States (U.S.) [1] . Health care costs associated with obesity and related chronic conditions such as cardiovascular disease (CVD) and diabetes burden families and health care systems [2] . Thus, secondary prevention of chronic disease and disability remains an urgent public health matter in the U.S.-especially in West Virginia (WV) where rates of potentially preventable diet-related conditions are the highest in the nation. West Virginians rank first in the U.S. in rates of obesity (37.7%), hypertension (42.7%) and diabetes (15.0%) [3] . In WV, middle-aged thinners requiring consistent vitamin K intake or anti-obesity medications, (4) drinking >2 alcoholic beverages daily, (5) already following a diet to lose weight or weight loss of ≥ 10 pounds in past 6 months and (6) did not have a home computer with high-speed internet service.
The CONSORT diagram in Figure 1 shows the flow of participants through the trial. Male patients 40-70 years old with a BMI ≥ 30 and a diagnosis of at least one of the qualifying diagnoses (N = 961) were mailed an invitation letter from their PCP. Of the 123 men screened for eligibility, 79 (64%) were eligible to participate and 67 of those eligible (85%) agreed to consent. Seven declined participation post consent and one was excluded due to an existing diagnosis that precluded participation. Recruitment took 8 weeks and ended when the desired number of participants electronically signed a combined HIPPA/consent form and scheduled their first in-person assessment visit. Fifty-nine men were randomly allocated to either the telenutrition intervention (n = 29) or the enhanced usual care (EUC) group (n = 30) by research personnel in the order they attended their first in-person session using a permuted block randomization in blocks of size two or four (block sizes chosen at random). ges daily, (5) already t or weight loss of ≥ 10 6) did not have a home net service. in Figure 1 shows the the trial. Male patients 30 and a diagnosis of at gnoses (N = 961) were their PCP. Of the 123 (64%) were eligible to ligible (85%) agreed to icipation post consent o an existing diagnosis Recruitment took 8 e desired number of ed a combined HIPPA/ their first in-person men were randomly ion intervention (n = 29) UC) group (n = 30) by they attended their first a permuted block ize two or four (block 
Telenutrition Intervention and Enhanced Usual Care (EUC) Groups
Participants were randomly assigned to either the telenutrition or the EUC group at the first inperson visit. EUC was usual care enhanced by the provision of educational materials to standardize care across physicians. Participants from both groups received an individualized caloric goal and diet-related educational materials and self-monitoring tools. Differences is treatment between groups pertained to the level of behavioral support provided. Those in the intervention group received weekly support from an RDN and a weight scale. Those in the EUC group did not receive behavioral 
Participants were randomly assigned to either the telenutrition or the EUC group at the first in-person visit. EUC was usual care enhanced by the provision of educational materials to standardize care across physicians. Participants from both groups received an individualized caloric goal and Nutrients 2019, 11, 229 4 of 13 diet-related educational materials and self-monitoring tools. Differences is treatment between groups pertained to the level of behavioral support provided. Those in the intervention group received weekly support from an RDN and a weight scale. Those in the EUC group did not receive behavioral support between in-person visits during the 12 weeks. However, the EUC participants were offered an in-person session with the RDN post study completion.
Participants from both groups met with researchers at a PCP office location at weeks 0, 6 and 12. At the baseline visit, weight and body composition were measured. All participants were prescribed a daily energy intake goal (500-750 kcal/day below their estimated requirement) by an RDN. Energy requirements were estimated using the Mifflin-St. Jeor equation with an energy factor based on self-reported activity levels. They were then provided a diet-related educational handbook which included topics such as building a healthy plate, making smart beverage choices and meal planning examples adapted from a diabetes plate method [15] . A brief (≤10 m) overview of the handbook contents was provided by the research RDN who performed anthropometric measures. Additionally, each participant was provided a binder containing self-monitoring tools [e.g. weekly weight log, fruit and vegetable tracker and a SMART (specific, measurable, achievable, relevant and time bound) goal planner]. All participants were asked to self-monitor their weight weekly using the provided paper log and to report the measures on the week 6 and week 12 online surveys. Additionally, they were asked not to change the duration or intensity of their baseline physical activity over the course of the study. General adherence was self-reported at subsequent in-person visits. At the final in-person session, participants were encouraged to increase physical activity post study completion for general and cardiovascular health and continued weight loss or weight loss maintenance.
Participants allocated to the intervention group received the same materials and brief nutrition education as described above in addition to weekly support from an RDN in the form of three virtual medical nutrition therapy (MNT) encounters at weeks one, five and nine and nine telephonic nutrition-coaching sessions at weeks 2-4, 6-8 and 10-12. During the encounters, the RDN was located at the university and participants were in their home or other self-selected location. During the videoconferencing sessions, the RDN provided individualized MNT including nutrition assessment, education and counseling based on the participants diet history, perceived barriers, medical diagnoses and laboratory values. The virtual encounters were delivered via a HIPAA compliant video-conferencing platform (Vidyo, Inc., Hackensack, NJ, USA) using a provided webcam (HD Pro Webcam C920, Logitech, Silicon Valley, CA, USA). The telephonic nutrition-coaching sessions were patient-led discussions on topics such as goal setting, self-monitoring weekly weight change and overcoming barriers to dietary adherence.
Measurements

Demographic and Baseline Medical Data
Demographic data were collected via a self-administered online questionnaire distributed through RedCap (Research Electronic Data Capture) [16] , a secure web-based application designed to support data capture for research studies hosted at the West Virginia Clinical and Translation Science Institute. Baseline medications, medical diagnoses and laboratory values were obtained from the medical record by the PCPs nursing staff were used to classify participants as having hypertension, pre-diabetes or diabetes and hyperlipidemia.
Feasibility Measures
The feasibility assessment included measures of satisfaction and program adherence. Participants' perception of program adherence and satisfaction each were assessed based on the response to a single question on the week 12 survey. To assess general program adherence and satisfaction, participants were asked to respond on a 5 point Likert scale to the question, how would you rate your overall adherence to the program? and to the statement, overall, I was satisfied with the program. The a priori criterion for feasibility for a larger trial included combining the two highest response categories (such as agree and strongly agree for satisfaction).
Effectiveness Measures
Anthropometric and body composition data were collected at weeks 0, 6 and 12 at one of two PCP office locations. Participants were lightly clothed and without shoes and in a fasted but hydrated state (refraining from all food and beverages except water for 8-12 h prior). A single researcher blind to group allocation obtained all measurements using standard protocols. Measures were taken at the same time of day for each participant across visits to minimize within-subject variation; they were taken in duplicate and averages were used for analysis. Height was measured to the nearest 0.1 cm using the Seca 274 digital mobile stadiometer (Seca, Hamburg, Germany). Weight was measured to the nearest 0.1 kg with the scale automatically tared at 0.5 kg to adjust for clothing. Waist circumference (WC) was measured directly on the skin at the superior border of the iliac crest using a Gulick II tape measure. Weight and percent body fat were determined from segmental multi-frequency bioelectrical impendence analysis (MF-BIA) using the Seca medical Bioelectrical Composition Analyzer (mBCA) 514 (Seca, Hamburg, Germany) and Seca analytics 115 PC software (Seca, Hamburg, Germany). Body mass index (BMI) was calculated as weight (kg)/height (m 2 ) and classified using World Health Organization classifications [17] .
Diet was assessed using 4-day (3 weekdays and 1 weekend day) food records just prior to each visit at weeks 0, 6 and 12. Participants were provided written instruction and a copy of the Nutrition Data System for Research (NDSR) Foods Amounts Booklet [18] containing graphics to aide in portion size estimation. At the visit, study personnel reviewed the diet records with participants for completion and accuracy. Data from the food records were entered into NDSR software (version 2015, University of Minnesota Nutrition Coordinating Center) for analysis. Diet quality was assessed using the Healthy Eating Index-2015 index [19] . NDSR output data was transformed into the 12 HEI-2015 components according to the NDSR's unpublished guide [20] . The Simple HEI Scoring Algorithm method for multiple days of intake data was applied [21] . The 12 component scores were summed for a total HEI score ranging from 0-100, with higher scores indicating better adherence to the 2015-2020 Dietary Guidelines for Americans.
Statistical Analysis
All statistical analyses were conducted using SAS software (version 9.4, SAS Institute Inc., Cary, NC, USA). Missing data was treated analytically with pairwise deletion. Baseline differences for groups were conducted on all demographics and select outcomes utilizing independent sample t-tests or exact Wilcoxon-Mann-Whitney U tests for continuous outcomes and chi-square or fisher's exact tests for categorical variables, alpha = 0.05. Feasibility criteria of meeting a priori criterion of ≥ 80% self-rated adherence and satisfaction was examined by combining the two-positive agreement categories and tested with a one-sided test of the null proportion (0.80) along with confidence interval equivalence of the lower margin, alpha = 0.05. Follow-up analysis was conducted on the categories for relative weight change, examining group differences in proportions meeting 6-week and 12-week follow-up weight loss, using fisher's exact testing to account for small cell sizes.
To account for the correlation amongst the repeated measurements on each participant, general linear mixed models (LMM) was the primary method of analysis for continuous outcomes. These models are designed to model correlations among observations on subjects (over time and/or within groups), are not required to meet many of the restrictive assumptions of a more traditional ANOVA approach (such as complete cases and compound symmetry) and are valid in the presence of missing at random (MAR) data [22] by use of the residual maximum likelihood (REML) approach to estimation and the Kenward-Roger approximation of the degrees of freedom. Various random effects and covariance estimates were compared using Akaike's Information Criterion (AIC) to determine the best fitting model. The best fitting models for these models, presented, were an unstructured covariance matrix within the repeated statement. The hypothesis tests of interest involved the fixed effects portion of the model, namely the group by time interactions on the treatment outcomes. P-values are also presented for the group and time main effects. Significant p-values for all outcomes are presented for the fixed effects of group, time and group by time interaction effects.
The sample size calculation was based on the primary outcome of percent change in body weight at week 12, with a reported standard deviation between 2.5-4.0% Weight loss as low as 3% has been shown to be clinically meaningful [6] . To detect a 3% weight loss with 80% power and assuming the relative weight loss standard deviation is 3.5%, we estimated that 23 participants would be required to complete each arm of the study (46 in total).
Results
Baseline Characteristics
Baseline characteristics are shown in Table 1 . Participants were, on average, 59.0 ± 7.7 years old. Overall, a majority were non-Hispanic white (96.6%) with more than a high school education (72.9%). Nearly half had household incomes >75,000 (49.1%) and most were employed full time (67.8%). All participants were obese and had a WC > 102 cm, an independent risk factor for CVD [23] ; average BMI was 36.9 ± 5.9 kg/m 2 ; the majority (64.4%) met criteria for stage 2 or 3 obesity. Nearly 90% had a diagnosis of dyslipidemia (hypertriglyceridemia or hypercholesterolemia), 83.1% had hypertension and 52.5% had either diabetes or pre-diabetes. There were no significant differences between treatment groups with respect to baseline characteristics. Most participants (90%) resided in counties classified as non-metro with urban populations of 20,000 or more (n = 40) or 2500 to 19,999 (n = 14) which are areas classified as 'rural' by the Federal Office of Rural Health Policy [24] . Values reported as mean ± SD or n (%). p-values were calculated with t-tests or exact Wilcoxon-Mann-Whitney U for continuous variables and chi-square or fisher's exact for categorical.
Feasibility: Retention, Satisfaction and Perceived Adherence
Three participants, two from the intervention group and one from the EUC group, withdrew from the study at or before week 6, yielding an overall retention rate of 94.9%. Overall, 88.5% (23/26; 95% exact CI: 0.70, 0.98) of participants in the intervention group rated their adherence to the program as good or very good. More than 92% (24/26; 95% exact CI: 0.75, 0.99) agreed or strongly agreed that they were 'satisfied with the program.' When tested against the a priori hypothesis that participants would meet or exceed 80% adherence and satisfaction for feasibility of the study, a one-sided test of difference from 0.80 was not significant (p = 0.14 for adherence and 0.06 for satisfaction) and when examining the difference in the lower margin of the confidence interval for equivalence testing we see significantly better than hypothesized proportion values (p = 0.016 for adherence and 0.001 for satisfaction). Overall compliance with the MNT sessions and health coaching calls was good. All participants in the intervention group who completed the study (n = 27) attended the three MNT sessions with the RDN. Of the nine health coaching calls made available, 18 participants completed 100% of calls; 3 completed 89% of calls, 3 completed 78% of calls and the remaining 3 completed 44-67% of calls. Table 2 shows outcomes at week 0, 6 and 12. Notably, both groups had a substantial improvement over time for all measures (p < 0.0001). When examining the absolute and relative (percent of baseline) weight change over the 12-week period, participants in the intervention group lost a mean total of 8.3 kg (6.2% ± 3.5) and those in the EUC group lost a mean total of 5.0 kg (4.3% ± 4.3). At week 12, both groups had significant weight loss from baseline but there was insufficient evidence of a statistically significant difference between groups over time (absolute p = 0.111, relative p = 0.085), although all effects were in the pre-hypothesized direction of increased improvements for the intervention group relative to the EUC group. In addition, both groups had a substantial reduction over time in absolute energy intake (p < 0.0001) and improvements in overall diet quality (p < 0.0001). At weeks 6 and 12 respectively, the average reduction in caloric intake was 516.3 kcal (17.9% of baseline caloric intake ± 25.5) and 600.2 kcal (23.0% ± 20.2) in the intervention group and 473.0 kcal (21.3% ± 20.0) and 445 kcal (19.2% ± 21.1) in the EUC group. Group by time interaction effects were not significant but trended in the a priori direction (absolute p = 0.253, relative p = 0.198). Similar trends are noted for diet quality (time by group, p = 0.11). Table 3 shows weight change relative to baseline weight over the 6-week and 12-week period. Notable group differences were seen at the 12-week time point for both increased proportions of losing at least 3% and 5% of their body weight among the intervention group. Seventy percent (19/27) of participants in the intervention group lost more than 5% of their body weight, versus 41.4% (12/29) in the EUC group (p = 0.035). Table 4 shows the average HEI-2015 component scores stratified by group. Across both groups, significant time main effects were found for seven of the thirteen HEI components. For intervention and EUC groups, intakes improved for total fruit (p = 0.05), whole grains (p = 0.004) and fatty acid ratio (p = 0.002) and lowered for sodium (0.01), refined grains (p = 0.04), added sugars (p = 0.01) and saturated fats (p = 0.002). Significant group main effects were found for greens/beans, with the intervention group having lower scores than the EUC group at baseline (p = 0.013). Significant time by group interactions were found for greens/beans (p = 0.013), total fruit (p = 0.04) and whole fruit (p = 0.04) indicating that the time effects differed by groups, with greater improvements over time for the intervention group relative to the EUC group. 
Effectiveness: Change in Body Weight, Body Composition and Diet
Discussion
This pilot study was designed to assess the feasibility and effectiveness of a telenutrition weight loss intervention compared to an EUC control group in 40-to 70-year-old men with multiple risk factors for CVD. Retention, adherence and satisfaction rates met our a-priori criterion for feasibility for a larger trial. We detected statistically significant weight loss from baseline to week 12 in both groups but a larger proportion of participants in the intervention group than the EUC group lost at least 5% of their baseline weight (70% vs. 41%, p = 0.035). Weight loss ≥5% is considered clinically significant weight reduction and if maintained, may decrease risk for development of, or improve the treatment of, obesity-related comorbidities regardless of the ending BMI [6] . Thus, based on the feasibility and effectiveness data, we determined that a larger longer-term trial would be feasible and warranted in this at-risk population.
Significant changes from baseline were detected in both groups for change in weight, waist circumference and percent body fat. Mean weight loss in this study was 8.3 kg or 7% of initial weight which approximates the average weight loss of 8 kg or 5-10% that was reported in a systematic review of result from 6-month intensive in-person lifestyle interventions (diet, physical activity and behavioral counseling) [6] . In other men-only weight loss trials, men in the intervention groups lost about 5% of baseline weight, 3.7 to 5.2 cm in waist circumference and 2.3% to 3.5% in % body fat over a 3-month period [25] [26] [27] . This is slightly less than the 7% weight loss and 6.8 cm mean reduction in waist circumference reported in the telenutrition intervention group in our study.
Thus, tele-delivered programs prescribed for weight loss can yield similar results to in-person and technology-delivered interventions.
Diet quality was not reported in these other men-only studies [25] [26] [27] or in the systematic review. In this study, energy intake decreased while diet quality (HEI scores) improved significantly in both groups. Total diet quality scores at baseline were 51 out of 100 indicating diets that were generally 'poor' (HEI scores <51) to 'needing improvement' (HEI scores 51-80) [28] . Participants in the intervention and EUC groups significantly improved diet quality over the 12-week trial by 40% and 25%, respectively. The changes included significant reductions in intakes of saturated fat, added sugars and sodium. The intervention group had a significantly larger improvement in intakes at week 12 than the EUC group in three of component categories: whole fruit, total fruit and beans and greens. Improvements in diet quality are clinically important; higher quality diets have been inversely associated with overall mortality [29] , and improvements in diet quality scores over time have been associated with lower CVD risk [30] .
Despite having statistically significant improvements in all primary and secondary outcome measures, the changes were not better in the intervention group than the EUC in most outcomes as we had hypothesized. We likely did not detect a between group difference for a few reasons. First, the EUC was not a 'no treatment' control; the enhancement of usual care included a prescription of a moderate energy reduction in diet and educational materials. Additionally, all participants were asked to self-monitor their weekly weight and to return for in-person weigh-ins every 6 weeks. Both the self-monitoring and accountability may have contributed to weight reduction in both groups. A recent systematic review of behavioral weight loss programs reported a mean difference in weight loss between intervention and control groups to be 2.9 kg which was close to the 3.3 kg between group difference in this study [31] . Second, the change in diet and weight among men in the EUC group may reflect motivation of those who chose to enroll in the weight loss trial upon invitation. This is true of most behavior-based trials; when there is a degree of self-selection, participants are likely to be more motivated to change their behaviors than individuals not enrolling in the trials [31] . However, this study demonstrated that middle-aged and older men can lose weight with varying degrees of support, but that a larger proportion lose an amount that is considered clinically significant with weekly behavioral support from an RDN at week 12. While high intensity programs (weekly for the first 3 to 6 months) are recommended as gold-standard treatment [6, 32] , similar results, at least in the short-term, are feasible with less intense support. Adequately powered comparative effectiveness trials are needed to determine the most cost-effective level of intensity.
This study contributes to the limited research on weight loss in men and primary-care-referred telenutrition weight-loss programs. Among the strengths of this study are the use of a randomized study design, high retention rate, outcome assessor blind to group allocation and the inclusion of diet quality outcomes. There are also notable limitations to this study. First, the study was designed to determine feasibility and short-term effectiveness to inform the design of a larger trial. A longer-term trial is needed to determine if the dietary changes and weight loss are sustainable over time. Second, the study consisted mainly of non-Hispanic whites. While the racial and ethnic homogeneity is representative of the population in the state (94%), generalizability to racially and ethnically diverse groups is unknown. Third, our sample is of higher income and educational level than the state average. The inclusion criteria requiring access to a computer and high-speed internet may have limited low-income men or those with low computer literacy from participating. However, in non-Hispanic white men, there is no difference in obesity rates by income levels; most obese men are not low income [33] . Thus, middle-aged men in the state are a health disparate subpopulation regardless of income and education level. Nevertheless, the sample may not represent men across sociodemographic backgrounds and efforts should be made in future studies to include men with lower incomes and educational levels. It should also be noted, that men seeking primary care likely differ from those who do not seek medical care; thus, the results cannot be generalized to include those who do not seek primary care. Fourth, this was a diet only trial. Longer-term studies should include a physical activity component. Last, we did not measure intermediate health outcomes (i.e., lipids and blood pressure) related to the dietary changes and weight loss or conduct a cost analysis. Future longer-term studies should include measurements of intermediate health outcomes, a post-intervention follow-up, and a cost-benefit analysis.
Conclusions
This study has demonstrated that telenutrition programs are effective in the short term in reducing caloric intake and body weight and improving diet quality in middle-aged and older men at risk for CVD. Based on good retention, satisfaction and adherence rates a larger trial in this at-risk population is feasible. Thus, the results of the study will serve as preliminary data to support the design of a larger longer-term trial to determine if the results are sustainable over time. 
